Abstract. Nonmalarial acute undifferentiated fever (NMAUF) refers to a febrile illness with no indication of an organ-specific disease after diagnosis of malaria has been excluded. In developing countries, the empirical treatment of NMAUFs with antimalarial drugs continues even in the era of highly specific rapid diagnostic tests (RDTs) for malaria. We carried out a retrospective review of patients with fever admitted to a rural teaching hospital in central India. We categorized patients with NMAUF into different clinical syndromes and determined their demographic profile, inhospital course, and the pattern of antimalarial use. The study sample included 1,197 adult patients who were investigated for malaria; 1,053 (88%) of them had NMAUF, and use of further diagnostics in this group was limited. Despite one or more negative tests for malaria, many patients (39.9%, 95% CI 37.0-43.3) received antimalarial drugs. These results suggest a need for guidelines and training to improve empirical treatment of NMAUF.
INTRODUCTION
Nonmalarial acute undifferentiated fever (NMAUF) refers to a febrile illness with no indication of an organ-specific disease 1 after diagnosis of malaria has been excluded. Depending on the local epidemiology, the term "acute undifferentiated fever" has different connotations. 2 Although this term often refers to self-limiting viral diseases in the developed world, in most developing countries malaria and other nonmalarial diseases (such as dengue, leptospirosis, enteric fever, and Japanese encephalitis) present as acute undifferentiated fever and are major public health problems. [3] [4] [5] [6] Laboratory evaluations for fever in developing countries usually include light microscopy for malaria. According to official estimates in India, although about 100 million individuals are investigated for malaria by microscopy every year, fewer than 2% of them are slide-positive. 7 The annual slidepositivity in malaria-endemic countries is estimated to be about 5% (6 million confirmed cases of 128 million individuals investigated in 43 countries). 8 Individuals who test negative for malaria could either have false-negative microscopy, an organ-specific infection (pneumonia, infectious diarrhea, etc.), or an acute undifferentiated fever due to a cause other than malaria. In expert hands, malaria microscopy is an accurate tool (sensitivity, 99.6%; specificity, 100%), 9 but the accuracy of this test can be much lower if microscopists are not well trained (sensitivity, 69%; specificity, 62%). 10 Newer histidine-rich protein (HRP-2)-based rapid diagnostic tests (RDTs) for falciparum malaria have a high accuracy (sensitivity, 92.7%; specificity, 99.2%) 11 and hence provide an alternative to microscopy. Because the sensitivity of these tests in detecting other malaria species is low, RDTs have not yet replaced microscopy.
Health-care providers in malaria-endemic regions overdiagnose and overtreat most NMAUFs as malaria. 12 It is estimated that between 30% and 90% of all patients with acute undifferentiated fever are treated with antimalarial drugs, although only 7-45% of them have laboratory-confirmed malaria. [12] [13] [14] In regions with chloroquine-resistant falciparum malaria, expensive artemesinin compounds are increasingly being used as first-line antimalarial agents. 7 Use of antimalarial drugs in patients with NMAUF continues even in the era of HRP-2-based RDTs and expensive artemesinin-based compounds. 15, 16 Previous research shows that if diagnosis of malaria is improved and antimalarial drugs are prescribed to only those with a positive diagnostic laboratory test, 60% of the costs of malarial treatment programs can be saved. 17 Overdiagnosis of malaria leads to overestimates of the incidence of malaria, underestimates of the incidence of NMAUFs, distorts the accuracy of data related to malaria resistance, and leads to misallocation of financial and manpower resources. 12 Over-prescription of antimalarial drugs also has the potential for promoting the development of drug resistance. 18 Such practices were implicated in the emergence of chloroquine resistance 19 and could also lead to resistance to artemesinin derivatives.
A syndromic approach to classification, based on simple and easily elicited clinical signs, can help health workers classify NMAUFs into different categories, such as fevermyalgia, 20 fever-arthralgia, 20 fever-icterus, 21, 22 fever-rash, 22 or acute encephalitic syndrome. 20, 22 Each of these syndromes is a constellation of nonspecific symptoms and represents several diseases that can be prioritized according to public health importance in different areas. Although syndromic definitions are used to track emerging infections or bioterrorism threats in the developed countries, 23, 24 they are increasingly being used to determine burden of diseases in many resourcepoor settings where diagnostic facilities for accurate diagnosis of NMAUFs are not avaialble. 21, 22 In this study, we carried out a retrospective review of electronic-discharge summaries (EDSs) of hospitalized patients (age > 12 years) with fever. We used a syndromic classification to categorize all NMAUFs and determined specific laboratory tests done and the pattern of empirical antimalarial use in patients with each clinical syndrome.
MATERIALS AND METHODS

Setting.
The Mahatma Gandhi Institute of Medical Sciences, Sevagram, is a rural medical school and hospital located in a small town in central India. It is a 648-bed teaching institution with more than 400,000 patient visits and about 8,000 patient admissions to the internal medicine wards each year. Last year, one-third of all internal medicine discharges carried an infectious disease diagnosis, and one-fourth of all deaths in the hospital were attributed to an infectious disease (unpublished hospital records). The most common infectious causes of mortality were septicemia (31%), meningoencephalitis (18%), tuberculosis (16%), and malaria (15%). In the past, about 90% of all malaria cases have been caused by Plasmodium falciparum and the remaining, by Plasmodium vivax. 25 Residents, who are supervised by the internal medicine faculty, evaluate all fever patients in the outpatient and emergency departments and admit those with severe symptoms to the hospital. All seriously ill patients with fever and older than age 12 years are admitted to the internal medicine wards of the hospital. Three-fourths of all fever-related admissions occur in the hot and humid months of June to November (unpublished hospital data), when vector-borne and enteric infections are common. During the study period, the healthcare providers at the MGIMS hospital cared for an exceptionally large number of patients presumably suffering from chikungunya, a mosquito-transmitted viral disease presenting as an epidemic of fever and severe arthralgia, in several states in India. 26 After admission, internal medicine consultants review the patient's history, perform focused physical examination, and order complete blood counts, light microscopy (thin smears), and/or RDTs for malaria for patients with an acute undifferentiated fever. Physicians often begin their patients on antimalarial medications without waiting for, or regardless of, the results of malaria microscopy. Additional diagnostic tests (chest radiograph, liver and renal function tests, appropriate bacterial cultures, and cerebrospinal fluid examination, etc.) are ordered based on the clinical picture, in-hospital events, and response to initial therapy. The IgM ELISA for dengue, hepatitis E, and leptospirosis are sometimes done, depending on the ability of patients to pay for the tests or as determined by the treating physicians. Diagnostic tests for chikungunya, Japanese encephalitis, hepatitis A, or rickettsiosis are never performed because their commercial costs are prohibitive.
Sources of data. In 2005, a hospital information system (HIS) was established in the hospital. The system collects and stores patient-related data and supplies that information to health workers on request. A 12-digit unique patient identifier (case record number) is used to track all transactions of a patient admitted to the hospital. This identifier is linked to demographic data, medical history and physical findings, results of all in-hospital investigations, and in-hospital and discharge medications. The treating physicians assign a discharge diagnosis to each patient and use the electronic system to prepare an electronic discharge summary (EDS) for all hospitalized patients.
Study design. We used the HIS to electronically retrieve an EDS for all inpatients, aged 12 and above, who underwent light microscopy or a HRP-2-based RDT for malaria from June to November 2006. We blackened the names and addresses of the patients from the EDSs before abstracting the data. A study investigator (R.J.) abstracted the data on demographic variables, discharge diagnoses, symptoms and signs, laboratory test results, medication use, length of hospital stay, and in-hospital outcomes and recorded them on standardized forms. We excluded patients who had fever of 14 days or more before hospitalization and those with missing clinical data. We also excluded patients with a definite source of infection identified, such as pneumonia (air-space consolidation on chest radiograph), acute infectious diarrhea (presence of loose stools as a presenting symptom), urinary tract infection (positive urine cultures), smear-positive pulmonary tuberculosis, and skin or soft-tissue infection. The study design was approved by the institutional review boards at MGIMS and University of California, Berkeley, and a request for waiver of consent from the individual patients was granted.
Data analysis. We used abstracted data to classify patients who tested negative for malaria into fever syndromes (fevermyalgia, fever-arthralgia, fever-jaundice, and acute encephalitic syndromes) using standardized definitions (see Box 1). Patients with positive anti-dengue IgM antibodies by a rapid test were classified separately in NMAUF group as having BOX 
Study definitions
Acute undifferentiated fever (AUF): Fever, without any localized source of infection, of 14 days or less in duration. Myalgia, arthralgia, headache, altered sensorium, and jaundice were considered not to have localizing values. Localized fever: Fever, with a symptom, sign, or an investigation that localized the source of infection to skin or soft tissue, respiratory, gastrointestinal, or genitourinary systems was defined as a localized fever. Patients detected to have a malignancy or autoimmune disorder were also classified in this group. Malaria: Malaria was defined as either a positive peripheral smear by microscopy for Plasmodium species or a positive malarial RDT for P. falciparum in presence of a history and clinical features of AUF. Nonmalarial acute undifferentiated fever (NMAUF): All patients with AUF, but negative for malaria, were defined as having nonmalarial acute undifferentiated fever. This entity was further divided in the following syndromic subtypes: Fever-arthralgia syndrome: Presence of fever and tenderness over three or more joint areas. Fever-myalgia syndrome: Presence of fever, with body ache or headache. Individuals with signs suggestive of raised intracranial tension or meningitis were excluded from this definition. 
RESULTS
A total of 1671 inpatients were investigated for malaria by commercially available RDT (Parachek-Pf, to detect the HRP2 of P. falciparum, Orchid Biomedical Laboratories, India; N ‫ס‬ 1652) and by light microscopy (thin peripheral smear examinations for presence of malarial parasite; N ‫ס‬ 1314). A total of 1309 patients received both these tests. After 474 (28%) patients who did not meet inclusive criteria from the study were excluded (Figure 1 ), our analytical sample consisted of 1,197 patients (738 men, 61.6%) between 13 and 84 years of age [mean (SD) age, 36.6 (17.4) years] who fulfilled the criteria for acute undifferentiated fever. These patients were seen in the hospital from 1 to 14 days [mean (SD) duration, 4.7 (3.5) days] after onset of the first symptoms. Malaria was diagnosed in 144 (12%) patients based on light microscopy or RDT; of these patients with malaria, 124 (86%) had P. falciparum infection, and the remaining were infected with P. vivax. The remaining 1,053 (88%) patients were negative for malaria and classified as having NMAUF.
A total of 565 (33.8%) patients received antimalarial drugs. No specific viral diagnostic tests were performed in these patients. Of the remaining 19 patients, 12 (13%) were diagnosed to have tubercular meningitis (CSF lymphocytosis; CSF proteins > 100 mg/dL), 7 (6%) were diagnosed to have pyogenic meningitis (CSF polymorphonuclear cytology; CSF sugar/blood glucose ratio < 0.25, or positive cultures). Very few patients were tested for leptospira, hepatitis E, or hepatitis B. Although an ongoing chikungunya outbreak suggested that patients with fever-arthralgia were most likely to have chikungunya, we could not confirm the diagnosis by appropriate laboratory tests.
DISCUSSION
Our study in a rural teaching hospital in central India shows that 88% of all hospitalized adults with acute undifferentiated fever tested for malaria did not have evidence of malaria by light microscopy or by RDT. Despite the availability of the rapid diagnostic test for malaria in the hospital, overtreatment of malaria was common. Forty percent of the patients with a negative test for HRP-2-based RDT received treatment of malaria despite the negative RDT.
Our study has a few limitations. We may have misclassified patients across different categories of NMAUF because we did not collect data prospectively. Because of our focus on hospitalized adults (i.e., the most severely ill patients), our study findings should not be generalized to the acute febrile illness subtypes seen in outpatients or in the community. Our results cannot be applied to infants and children. In our study, malaria was diagnosed by laboratory testing in 12% of patients, which is higher than the national slide-positivity estimates (2%), probably due to a referral bias, better microscopy facilities, and use of RDTs.
Our study demonstrates that the syndromic approach to classifying patients is simple and cost-effective and can be used to classify patients with NMAUF. Such an approach could help health workers select cost-effective diagnostic tests for different fever subtypes. [27] [28] [29] A drawback of syndromic classification is that diseases often have a wide clinical spectrum, and they can often be classified in more than one category. 30, 31 The availability of point-of-care diagnostics for malaria (such as microscopy or rapid antigen-based tests) is limited, particularly in rural areas. The lack of diagnostic facilities and low cost of treatment have led to national guidelines that advocate presumptive treatment of all fever patients for malaria with chloroquine or folate antagonists (sulfadoxinepyrimethamine). As a result, physicians in developing countries often diagnose malaria on clinical grounds and treat it without obtaining a blood test, despite the lack of accuracy of perception and touch for detecting fever 32 and a lack of accuracy of symptoms and signs to diagnose malaria in adults. 33 The practice of presumptive treatment of malaria continues, even in the era of artemesinin-based therapy and in settings (such as the present study) where rapid and sensitive diagnostic tests for malaria are available. The overemphasis on malaria results in underdiagnosis of NMAUFs, 34 perpetuates irrational medical practices, and leads to worrisome medical, social, and economic consequences 12 Our study was not designed to determine the burden of fever patients who receive no diagnostic tests and are presumptively treated with antimalarial drugs. The majority of these patients are treated on outpatient basis, and we expect that both the number of such patients, and the proportion of them treated with an antimalarial, would be higher than the estimates in the present study.
In a recent study from Tanzania, Reyburn and others 16 reported that availability and use of malaria RDTs did not reduce overtreatment of malaria. Of the 1,193 patients who received RDTs in this study, only 52% were given a correct prescription. More than half the prescriptions for antimalarial drugs were given to people who had negative test results. Reyburn and others 16 argue, and we agree, that this practice may be due to traditional teaching in medical schools, which makes health workers respond to a perceived increased risk of malaria in hospitalized adults with fever, and also due to national guidelines that overemphasize inappropriate treatment of malaria. In addition, because of the high prevalence and the morbidity and mortality malaria causes, physicians dread failing to treat malaria correctly. 35 Physicians are known to recall their most recent or dramatic clinical experiences and often let these events color their judgment. In our hospital, too, physicians used the "just in case" defense to justify overuse of antimalarials: "it is better to treat several cases of non-malarial febrile illnesses with an antimalarial drug than to miss one true case." 36 A recent study from Uganda, where malaria is common, suggests that that the risk of missing a true case of malaria in the event of a negative diagnostic test is almost negligible: only 2 malaria cases out of 2,359 febrile episodes were missed when febrile children were not given antimalarial treatment when the results of microscopy were negative. 9 Our data also show that, had our hospital physicians not prescribed an antimalarial when the RDT was negative (N ‫ס‬ 421), they would have deprived < 1% of malaria cases the benefits of antimalarial treatment (estimated malaria prevalence, 12%; estimated sensitivity and specificity of the RDT, 90% and 96.6%, respectively 37 ). Clearly, if overdiagnosis of malaria and indiscriminate antimalarial use among hospitalized adults with fever are to be curtailed, physicians need not only avoid these cognitive traps and affective errors but also to believe in the diagnostic accuracy of rapid tests (where available) for confirming or ruling out malaria. Such a change could come by having fever treatment algorithms for malaria-negative patients, thus recognizing the importance of nonmalarial diagnosis in medical education and practice. National guidelines also need modifications to accommodate different causes of acute undifferentiated fever.
We acknowledge that, in resource-restrained settings, neither malaria microscopy nor RDTs for malaria are available or affordable for a vast majority of people suffering from acute undifferentiated fevers, and our arguments do not generalize to these settings. Health workers in such settings argue that insisting on an accurate diagnosis is an ivory tower approach and use this argument to justify empirical treatment of most fevers with antimalarial medications. To change this practice, we believe that the availability of RDTs for falciparum malaria should be increased, and more sensitive and specific rapid tests for other malaria species need to be developed. The results of these tests should be acted upon rationally. Such an investment could have substantial benefits for patient care, including reduced ancillary diagnostic testing and shorter hospital stays. In hospital settings, the use of RDTs for other diseases (e.g., influenza) has been shown to result in substantial reductions in antibiotic use. 38 As more sensitive, rapid, and simple point-of-care malaria diagnostic tests become available, 39 it is equally important for the health-care provider to reserve antimalarial drugs for those who have malaria. The commercially available RDT for malaria and parenteral artemesinin therapy currently cost $2 and $10, respectively, in our hospital; these costs could be substantially lower with their more widespread use. 15 Given the increasing use of artemesinin-based therapy for malaria, there is need to limit the unnecessary use of antimalarial drugs in patients testing negative for malaria. The cost savings associated with rational use of artemesinin-based therapy could help improve availability of rapid malaria diagnostics. 15 In our literature review, we could not find studies on acute undifferentiated fever epidemiology from India, but a number of recent studies have focused on specific etiologies of NMAUF. The proportion of dengue fever among all fever cases has been estimated to be 14% in a population-based study in rural South India 40 and 48% in a hospital based study in urban North India. 41 Leptospirosis and Salmonella infections have been implicated in causation of one-third 42 and one-tenth 43 of all fever cases in 2 different studies. Despite NMAUF being common, the studies on its epidemiology remain limited. Recently, the public health system in India has initiated a more systematic integrated disease surveillance program (IDSP), which aims to compute the burden of infectious diseases, including NMAUFs, in a more comprehensive manner. 44 In conclusion, our study shows that, although most hospitalized adults with acute febrile illnesses in our region do not have malaria, they continue to receive antimalarial therapy. We believe that overemphasis on malaria in the national guidelines, the attitudes of treating doctors, and lack of goodquality diagnostic tests for NMAUFs are the main reasons for this practice. The first step in improving diagnostic tests for NMAUFs would be to identify specific etiologies in different clinical syndromes, so that meaningful diagnostic algorithms could be devised. Next, we should develop and deploy rapid antigen-based tests for detection of pathogens responsible for NMAUFs, so that the causative organisms can be identified. The diagnosis of NMAUFs is also influenced by antigenic cross-reactivity and possible past or current co-infections with multiple organisms. 5 Because most of these agents are evaluated by serology-based tests, evaluating for multiple organisms in a single battery of tests has limitations. 45 Panmicrobial microarrays are currently being investigated to facilitate identification of the causative organism when multiple etiological possibilities exist. 46 Multiple pathogen detection by nucleic acid amplification techniques are promising and could provide better solutions in the future. The evidence base, when translated into clinical practice, could change the approach to the diagnosis and management of NMAUFs. We suggest that epidemiologists, physicians, microbiologists, and funding agencies must come together to establish the validity of syndromic classification of NMAUFs and conduct studies that will yield useful answers to the challenges posed by acute febrile illnesses.
